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▼Yeast artificial chromosomes (YACs) are widely used as
vectors for the study of gene expression in mammalian
cells (Ref. 1). The genomic environment of the YAC DNA
provides a more representative way to study gene expres-
sion and, in particular, tissue-specific gene expression. Nor-
mally, the YAC DNA is isolated using the methods de-
scribed by Maule et al. (Ref. 2) and Schedl et al. (Ref. 3)
in which the YAC DNA from a preparative pulsed-field gel
slice is concentrated into a 4% low-melting-temperature
agarose gel and the intact DNA subsequently recovered
by melting the agarose and digesting it with β-agarase
(New England Biolabs). The purified and concentrated YAC
DNA is then used to transfect mammalian cells. We have
been using this method to purify and concentrate YAC
DNA in order to transfect myoblasts. We observed that
the presence of neoagaro-oligosaccharides, the end prod-
ucts of β-agarase-digested agarose, inhibits the transfec-
tion efficiency when lipofectAMINE (Pharmacia) is used.
The number of transformants obtained in the presence
4% and 1% neoagaro-oligosaccharides could differ between
20 and 200 times (data not shown). In order to establish
the effect of neoagaro-oligosaccharides on transfection effi-
ciency, we used a standard amount (2µg/transfection) of re-
porter construct [pSVβ-gal (Promega)] DNA and varied the
concentration of neoagaro-oligosaccharides between 4 and
1% (w/v) in our transfection experiment. The results show
that neoagaro-oligosaccharides will inhibit the liposome-
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mediated transfection when present at the higher concen-
tration. At 1%, the neoagaro-oligosaccharides have no sig-
nificant effect on the transfection efficiency. The assay was
carried out as described below.
T3 cells (Ref. 4) were seeded at densities of 2 × 105/well
onto a six-well plate, incubated overnight, and the medium
was replaced with 0.8 ml of serum-free Dulbecco’s Modified
Eagle Medium (DMEM) supplemented with 2 mM glu-
tamine 30 min before transfection was carried out on the
following day. Four per cent LMT agarose [SeaPlaque GTG
agarose (FMC Bioproducts)] was prepared using YAC stabi-
lization buffer (10 mM Bis-Tris–HCl pH 6.50, 1 mM EDTA,
100 mM NaCl). After melting 4% agarose in a microwave
oven, 4 × 250 µl aliquots are transferred to four Eppendorf
tubes and equilibrated at 40◦C for 15 min; six units β-
agarase were then added to each tube and incubated at 40◦C
overnight. The 1%, 2% and 3% neoagaro-oligosaccharide
solutions were made by diluting the previously β-agarase-
digested 4% agarose gel with DMEM tissue culture media
without antibiotics and foetal calf serum (FCS). Two
micrograms of pSVβ-gal DNA and 5 µl of 2 mg/ml lipo-
fectAMINE (Pharmacia) were diluted independently with
100 µl of the appropriate neoagaro-oligosaccharide solu-
tion. The diluted DNA and lipofectAMINE were mixed and
incubated at room temperature for 15 min. For transfec-
tion, the mixture was added to a well in a six-well plate
which had been seeded with 3T3 cells the previous day.
After 6 h at 37◦C, the transfection mixture was replaced
with standard DMEM containing 10% FCS. The culture was
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FIGURE 1. The effect of the presence of neoagaro-oligosaccharides on transfection efficiency. In the transfection experiment, 2 µg of pSV β-gal DNA
and 10 µg of lipofectAMINE were used to transfect 3T3 cells which had been seeded at a density of 2×105/well in a six-well plate on the previous day.
Different concentrations of neoagaro-oligosaccharides were used in five different transfection experiments: (a) 4%, (b) 3%, (c) 2%, (d) 1% and (e) 0%. In
the presence of 4% neoagaro-oligosaccharides, the transfection efficiency is drastically reduced.
incubated at 37◦C and assayed for β-galactosidase ex-
pression 48 h post transfection. The assay was carried
out essentially as described by Sanes et al. (Ref. 5). In
short, samples were washed three times with phosphate-
buffered saline (PBS) before fixation in the same buffer
containing 1 mM MgCl2 and 0.05% glutaraldehyde for 10
minutes at room temperature. Further permeabilization
and three 5-min washes were performed in PBS containing
1 mM MgCl2, 0.02% nonidet P-40. Finally, samples were
incubated overnight at 37◦C in PBS containing 1 mM
MgCl2, 33 mM K4Fe(CN)6, 33 mM K3Fe(CN)6 and 0.1% 5-
bromochloro-3-indolyl-β-D-galactopyranoside (X-gal) (Fig.
1). The transfection efficiency was quantified by counting
the number of blue β-galactosidase-stained myoblasts
as a proportion of the total number, using an eyepiece
graticule. Data points were evaluated as mean±SD values
of total number of blue stained cells in six randomized
fields (Fig. 2). The results indicate that 4% neoagaro-
oligosaccharides have a profound negative effect on the
transfection efficiency mediated by lipofectAMINE. The
difference between the presence of 0% and 4% neoagaro-
oligosaccharides in the transfection experiment is about 60
times, while the difference between 0% and 1% is almost
negligible.
In summary, it is important to take this negative
effect into account when a DNA sample containing a
high concentration of neoagaro-oligosaccharides is used
in the liposome-mediated transfection experiments. In
our hands, using a YAC DNA preparation separated
by pulsed-field electrophoresis in the 1% LMT gel has
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FIGURE 2. Statistic analysis of the effect of the neoagaro-oligosaccharides on lipofection. The graph shows the results of lipofectAMINE-mediated
transfection in the presence of neoagaro-oligosaccharides. The data was obtained by transient expression of a reporter gene, pSVβ-gal, in 3T3 cells. The
effect of the transfection efficiency was analysed 48 h post-transfection using a paired two-sided t test. Data is given as the mean±SD for six randomly
selected fields. The paired two-sided t test between the results obtained at various concentrations of neoagaro-oligosaccharides (2–4%) and negative
control indicates the significant difference in the lipofection efficiency, whilst the presence of 1% of neoagaro-oligosaccharides has no effect. ‘*’ indicates
the possibility of no significant difference (P) P>0.1; and ‘**’ indicates P<0.001.
been sufficient for the transfection experiment. If a higher
concentration of YACDNA is required, thenwe recommend
YAC amplification in the yeast for which it is necessary to
retrofit your YAC with a suitable vector (Ref. 6). This way,
artificial chromosomes ranging from 100 to 600 kb in size
are readily amplified 10–20-fold (data not show). Another
possibility is to dialyse the neoagaro-oligosaccharides
after the β-agarase digestion. However, this technique is
very risky because any manipulation increases the level
of total degradation of YAC DNA. Finally, we would like
to emphasize that, in addition to a good-quality DNA
preparation, a efficient transfecting reagent is the other
major factor for a successful transfection experiment.
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Products Used
agarase: agarase from Boehringer Mannheim
agar: agar from Difco
lipofectAMINE: lipofectAMINE from Life Tech-
nologies (Gibco BRL)
lipofectAMINE: lipofectAMINE from Life Tech-
nologies (Gibco BRL)
agarose gel: agarose gel from Sigma
agar: agar from Difco
lipofectAMINE: lipofectAMINE from Life Tech-
nologies (Gibco BRL)
lipofectAMINE: lipofectAMINE from Life Tech-
nologies (Gibco BRL)
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